Poverty during childhood has been associated with poorer health in adulthood (1) . Proposed mechanisms include lower income, which may affect food access and worsen nutritional outcomes; increased chronic psychosocial stress, which may adversely affect mental health and development (2) ; and increased rates of infection and inflammation due to differences in exposure or immune response (Web Figure 1 , available at https://academic.oup.com/aje) (3) (4) (5) . Differences in health-care access may contribute in the United States, where insurance coverage is closely linked to employment and socioeconomic status (6) . Interventions to address poverty during childhood may therefore improve life-course health trajectories. Randomized controlled trials of cash transfers in international settings have shown improved child health (7, 8 ). Yet such trials of US poverty-alleviation programs are limited due to the logistical hurdles of randomizing and following sufficient numbers of subjects. One randomized controlled trial of a cash transfer program in New York examined a limited number of health outcomes, finding increased receipt of medical care (9) .
Another category of interventions that address the socioeconomic determinants of health during childhood are social policies such as the Earned Income Tax Credit (EITC). The EITC is the largest US poverty-alleviation program, with over 27 million beneficiaries receiving almost $67 billion (US dollars) in 2015 (10) . It is a federal program that provides tax refunds to lowincome families contingent upon employment, with refund size calculated using income, number of children, and marital status ( Figure 1 ) (11) (12) (13) . The EITC improves economic outcomes (14, 15) , although the evidence for health has been mixed. Among adults, studies have shown reduced smoking and improved food security but increased obesity and worsened metabolic markers (16) (17) (18) (19) . Among children, studies have shown improved birth weight and behavioral problems (20) (21) (22) but more very low birth weight and no effect on obesity (23, 24) . Qualitative work suggests that the EITC refund is spent differently from typical employment income, perhaps because it is distributed as a lump sum (25) . Thus, there may be differential effects for a given outcome depending on the mechanism of action. For example, due to uncertainty in the timing of the refund, stress levels may be higher in the months immediately surrounding EITC refund receipt, although the eventual income boost may improve material resources. For child health in particular, effects may not be uniformly positive because the refund is dependent upon parental employment, which may adversely affect parental attention. Systematic reviews have found insufficient evidence on the effects of such financial interventions on child and adult health (26, 27) , suggesting the need for additional studies.
In the present study, we examined the association of receipt of the EITC refund with child health outcomes that potentially mediate the relationship between childhood poverty and adult health, including objective metabolic and inflammatory markers. We employed a quasiexperimental difference-in-differences (DID) approach using a diverse, nationally representative sample. We took advantage of the seasonal nature of EITC refund receipt as well as variation in EITC refund size due to program expansions that were unassociated with unobserved individual confounders (13). To our knowledge, this study is the first to employ a seasonal DID strategy to estimate the EITC's shortterm impacts on child health, adding to the literature on the effects of poverty-alleviation programs on child outcomes.
METHODS

Data set
This study was conducted using the Third National Health and Nutrition Examination Survey (NHANES III, 1988 -1994 , a cross-sectional, nationally representative study. NHANES III includes a variable representing month of interview, which is essential to the analytical strategy described below. We included children under age 18 years (n = 13,944). Our approach relies on the availability of year-round data, so we restricted the sample to individuals residing in the South and West Census regions; those in the Northeast and Midwest were not interviewed during the winter months. We included children whose responses could be linked to parental information on sociodemographic determinants of EITC eligibility (n = 7,444).
Exposure
The primary exposure was a binary variable representing whether the child's family was eligible for the EITC. We imputed EITC refund size using the Taxsim package (28) for Stata (StataCorp LLC, College Station, Texas), based on Internal Revenue Service tax tables; inputs included the parent's marital status, age, number of dependent children, tax year, and household income before taxes. We calculated number of dependent children by subtracting 2 from the household size if the parent was cohabiting/married and subtracting 1 if the parent was single. While NHANES does not provide the year in which each participant was surveyed, it provides a range for each survey phase (Phase I: 1988 (Phase I: -1991 Phase II: 1991 -1994 ). Similarly, household pretax income is represented by 27 income categories (e.g., $1,000-1,999). For each participant, we calculated EITC refund size using the maximum and minimum of each income category in the maximum and minimum of each survey year range. We then averaged these 4 EITC values to arrive at the final imputed refund size. Because of the measurement error in calculating refund size, and because moderate to large income refunds are more likely to affect health, we defined an EITC-eligible household as one that received ≥$500 in EITC benefits. The maximum refund size during this time period was roughly $1,000-about 5%-10% of an eligible household's income.
Health outcomes
We selected outcomes based on whether they were likely to be affected in the short term after EITC refund receipt. Because some components were obtained by NHANES only for children of certain ages, sample sizes differed for some outcomes. Outcomes captured various mechanistic pathways hypothesized in prior work, including nutrition, inflammation/infection, and psychosocial stress (Web Figure 1) , as well as general health.
General health included variables on self-reported (or parentreported) overall health and physician-reported overall health, as well as lead, an adverse environmental exposure which was included as a "negative control" because it is unlikely to be affected immediately after refund receipt.
Nutritional outcomes included 3 measures of food insufficiency: whether the family had enough food in the past month; whether this was because of insufficient money (for those who responded negatively); and the number of days the family had no food in the past month (zero for those who reported enough food). We examined dietary quality using the Healthy Eating Index (range, 0-100), with higher scores indicating healthier eating (29) . Daily calorie intake was assessed by dietary recall. Serum markers of nutrition included hemoglobin, iron, high-density lipoprotein cholesterol, triglycerides, and glycated hemoglobin.
Measures of inflammation or infection included physicianassessed evidence of active infection and presence of infection in the past 4 weeks. Serum immune and inflammatory markers included white blood cell count, C-reactive protein, and ferritin.
The psychosocial pathway was assessed using the reading and mathematics subsets of the revised Wide Range Achievement Test, for which NHANES provides age-adjusted scores (30) .
Covariates
Covariates included child sex, age, and race; head of household sex, age, marital status, number of dependents, and educational attainment; and region of residence. We also adjusted for NHANES survey phase to account for secular trends (Phase I: 1988-1991; Phase II: 1991-1994), because NHANES III does not provide data on the exact year of interview. Given sparsity, we collapsed the 27 NHANES income ranges into 5 categories.
Data analysis
We first calculated descriptive sample characteristics separately according to interview season and EITC eligibility. We then estimated EITC effects using DID analysis, a quasiexperimental technique suited to examining the effects of policy changes while accounting for secular trends (31) . We took advantage of the fact that 90% of EITC beneficiaries receive their refunds in February to April (32) . Also, NHANES interviews in the South and West take place throughout the year and are unlikely to be associated with refund status or other individual characteristics. This creates a natural experiment, in that EITC-eligible participants interviewed during February to April are interviewed soon after refund receipt, while EITCeligible participants interviewed during May to January have more distant exposure to this income boost. Thus, we compared EITC-eligible individuals interviewed during February to April with those interviewed in May to January. To factor out possible secular changes, DID analysis "differences out" the seasonal differences observed for non-EITC-eligible individuals interviewed during February to April and those interviewed in May to January. The underlying assumption is that the seasonal differences in these outcomes are similar between EITC-eligible and non-EITC-eligible individuals. Importantly, this allows us to estimate short-term impacts that are unconfounded by unobservable individual or family characteristics that would bias a typical observational study of the association between EITC receipt and health (Web Figure 1 ). This technique has been used in other studies examining the effects of the EITC on adult health (18) . Additional details are described in Web Appendix 1, including several standard analyses to test DID assumptions.
Alternative specifications
We conducted alternative modeling strategies to test the robustness of results. First, instead of imputing EITC refund size by averaging the 4 EITC amounts calculated from maximum and minimum income values for the maximum and minimum survey phase years, we instead calculated a single EITC refund amount for the average of each income category in the average phase year. To be concise, we refer to these imputation methods as "maximum/minimum" and "mean." Second, instead of using $500 as the cutoff for EITC eligibility, we examined the population eligible for $1,000 or more in EITC refunds (given that larger refunds might lead to larger effects) and those eligible for an EITC refund of any amount (to test the hypothesis that even small refunds result in health effects). Third, we additionally controlled for household income, marital status, and number of dependents, even though this might reduce variation in our exposure because these potential confounders also determine EITC refund size. Fourth, we restricted the control group to noneligible individuals who were likely to be more comparable to the eligible group. To do so, we excluded individuals unlikely to receive the EITC (i.e., those with earned income of $0 or at least $50,000; n = 929). Finally, we conducted the primary analysis stratified by NHANES survey phase (1988-1991 versus 1991-1994) , to account for the fact that a recession occurred in the United States during the first survey wave, which may have led to heterogeneity in effect estimates over time.
Accounting for multiple hypothesis testing
Because this study included 20 health outcomes and multiple modeling strategies, we accounted for multiple hypothesis testing in 2 ways. First, we conducted a standard Bonferroni correction (33); instead of considering P values of <0.05 to be statistically significant, we used a threshold of 0.0025 (i.e., 0.05/20). Bonferroni is likely overly conservative, however, because it assumes that outcomes are independent of one another (34) . Consequently, we also calculated Romano-Wolf stepdown P values, which account for dependency between outcomes (35-37). A limitation of Romano-Wolf is that it cannot account for NHANES survey weighting, although weighted and unweighted models produced results of similar direction and effect size (results available upon request). We therefore present our original weighted results, Bonferroni-corrected results (based on weighted analyses), and Romano-Wolf-corrected results (based on unweighted analyses).
Ethical approval
This study involved public-use data without personal identifiers. No ethical approval was required.
RESULTS
Sample characteristics
EITC-eligible children were more likely to be black or Hispanic, with a female, unmarried, low-income, less-educated parent with more dependents (Table 1) . Among EITC-eligible participants there were seasonal differences in several covariates, but these differences were not statistically significantly different from seasonal differences among noneligible individuals. The exception was race, suggesting that NHANES unintentionally interviewed individuals of different races at different times of the year; we adjusted for race and other sociodemographic characteristics in all subsequent models. These findings highlight the utility of a DID approach to "difference out" any seasonal trends.
In general, health outcomes were worse among EITC-eligible children (Table 2) , with worsened overall health, increased food insufficiency, and worsened test scores. We again noted seasonal differences that might be brought about by EITC receipt; we examined these using the DID analyses below. The "Model 1" columns of Table 3 present the results of the primary analysis, while subsequent columns present the results of alternative specifications (models 2-5). For general health, there were improvements in physician-reported overall health across multiple models that were statistically significant using the Romano-Wolf adjustment, but only one of these-using an eligibility cutoff of $0 (model 4)-maintained statistical significance when using Bonferroni correction (β = 0.12, 95% CI: 0.05, 0.20). There was no association with self-reported overall health or lead (negative control).
For nutrition, the EITC was associated with increased likelihood of having no money for food and more days without food when using an eligibility cutoff of $0 and the Romano-Wolf adjustment (model 4) and when we adjusted for additional covariates (model 5). While there were scattered results suggesting improvements in calorie intake and serum biomarkers of nutrition, none of these were robust to Bonferroni or RomanoWolf corrections.
For infection outcomes, reduced likelihood of active infection was statistically significant at P < 0.05 (models 1-2, 4-5) but not robust to Bonferroni or Romano-Wolf corrections. C-reactive protein was reduced when using a $1,000 eligibility cutoff (model 3), and this was robust to Bonferroni correction (β = −0.15, 95% CI: −0.25, −0.04).
For the psychosocial pathway, there were no differences in math or reading scores.
Alternative specifications
When excluding individuals who had zero or at least $50,000 in household income (Web Table 1 ), there were improvements in Romano-Wolf-adjusted models for physician-reported overall health (models 6-7, 9) and increased likelihood of having no money for food (models 7, 9). Contrary to the primary models, there was a reduction in the number of days without food, although this association was statistically significant with Romano-Wolf adjustment only when using an EITC eligibility cutoff of $0 (model 9). Otherwise, there was no association with other health outcomes and no result robust to Bonferroni correction.
When stratifying the analysis by NHANES survey phase, EITC eligibility was again repeatedly associated with not enough food (models 4-5), no money for food (models 1-5), and improved physician-reported health (models 1-5) during the first survey phase (1998-1991) in Romano-Wolf-adjusted models; the findings for worsened food insufficiency were robust to Bonferroni correction as well. In the second survey phase, only the findings for food insufficiency in model 4 were statistically significant after Romano-Wolf and Bonferroni correction (results available upon request).
DISCUSSION
The present study estimated the short-term effects of the EITC on child health, using a quasiexperimental DID approach that took advantage of the seasonal nature of receipt of the EITC to strengthen causal inference. We were unable to rule out the null hypothesis that there is no effect of the EITC on most measures of child general health, nutrition, infection, or psychosocial pathways when adjusting for multiple hypothesis testing. For outcomes that were robust to Bonferroni correction and Romano-Wolf testing, results were mixed.
EITC receipt was consistently associated with improved physician-reported overall health across multiple sensitivity tests, including varying the EITC imputation method and eligibility cutoffs. Physicians were 6% more likely to rate children from EITC-eligible households interviewed in the treatment months as being in excellent or very good health. Yet there was no change in self-reported health or most objective measures on exam or laboratory testing. Refund receipt may be associated with changes in physical or mental health that are more likely to be detected by health-care providers than a Sample includes children interviewed for NHANES III in the South and West census regions, for whom sociodemographic information was available on the parent (n = 7,444). Coefficients represent the interaction term between EITC eligibility and being interviewed for NHANES III during February to April.
b Model 1 used $500 EITC eligibility cutoff, used the maximum/minimum EITC imputation method, and adjusted for child's sex, age, and race; parent's sex, age, and education; survey phase; and census region.
c Model 2 used $500 EITC eligibility cutoff, used the mean EITC imputation method, and adjusted for the same covariates as in model 1. d Model 3 used $1,000 EITC eligibility cutoff, used the maximum/minimum EITC imputation method, and adjusted for the same covariates as in model 1. e Model 4 used any EITC eligibility cutoff, used the maximum/minimum EITC imputation method, and adjusted for same covariates as in model 1. f Model 5 used $500 EITC eligibility cutoff, used the maximum/minimum EITC imputation method, and adjusted for the same covariates as in model 1; it additionally adjusted for household income, parent's marital status, and number of children.
g P < 0.05 in original model. h P < 0.05 in Romano-Wolf model. Analyses involve multivariable linear regressions. i P < 0.0025 Bonferroni-corrected.
parents or standard testing, although NHANES documentation does not indicate how the physician assessment was made.
Our study demonstrated contradictory findings related to nutrition and food insufficiency. In our primary models, there was an increase in the likelihood of having no money for food. Similarly, our primary models found increased number of days with no food, although this finding was reversed when excluding zero-and high-income groups, which are unlikely to be appropriate controls for EITC-eligible individuals, and when employing logistic rather than linear models (Web Table 2 ). For all of these, findings were statistically significant only in Romano-Wolf-adjusted (i.e., unweighted) models. This suggests that there may be seasonal differences in the types of individuals interviewed by NHANES that are accounted for with survey weights, such that these findings are unlikely to be due to the effects of the EITC itself. In analyses that employed survey weights, there were no statistically significant findings that were robust to Bonferroni correction, although numerous analyses demonstrated improvements in total calorie intake at a level of P < 0.05. Indeed, with increased income from the EITC, we might expect increased food purchases and consumption (38) (39) (40) . A prior study examining the short-term effects of the EITC among adults found improved food security among recipients during the treatment months (18) . Conversely, one possible explanation for worsened food insufficiency is a violation of the assumptions underlying the DID model. In other words, DID analyses assume that the temporal trends in the outcomes are similar across EITC-eligible and noneligible groups. However, it may be that EITC-eligible families with children are more likely to be food-insecure in February to April than in May to January relative to noneligible families, such that differencing out secular trends in the noneligible groups is not a sufficient adjustment for secular trends in EITC-eligible families. Prior work has shown that low-income individuals are more likely to struggle with the cost of utilities and subsequent food insecurity during cold months (41) . Thus, we may be misattributing the worsened food insufficiency during February to April to the EITC, when in fact it is due to differential trends in this outcome by EITC eligibility. Alternatively, it may be that EITC refund receipt does in fact decrease the availability of food in the household; prior work has shown that families tend to use the lump-sum EITC refund to purchase big-ticket items and other household resources (25, 42) . This may lead them to redirect typical monthly income towards these items, detracting from the ability to pay for daily needs. Finally, it may be that the linear model is not appropriate for this binary outcome, given that we find differing results using logistic models (Web Table 2 ); or it may be that the low probability of food insufficiency among noneligible households results in unstable estimates.
For infection and inflammation, findings were not robust to adjustment for multiple hypothesis testing. High levels of Creactive protein, ferritin, and other inflammatory markers have been correlated with a variety of disease outcomes-particularly infection, autoimmune disease, and obesity-among children (43) (44) (45) (46) , as well as lower socioeconomic status (47) . Ours is among the first studies to examine whether an intervention to alleviate poverty may reduce levels of these markers in children, although in this case we are unable to rule out the null hypothesis that there is no effect.
Among our alternative specifications, we varied the cutoff at which we considered individuals to be eligible for the EITC, including $0, $500, and $1,000. While we expected effect sizes to increase with higher cutoffs, given the larger exposure, we did not find this to be the case. Because we imputed EITC refund size based on NHANES income and year categories rather than exact values, there was imprecision in the EITC variable, so varying the cutoff may have been less impactful for subsequent analyses. Most statistically significant findings were present in models that used an eligibility cutoff of $0, perhaps because this increased the size of the treatment group and the power to detect small effects.
This study has several limitations. First, measurement error is likely for self-reported variables, such as income. Second, because participants did not specifically report on EITC refund receipt, we imputed a binary variable for eligibility based on income categories. This may result in misclassification and limits the granularity of detail on EITC refund size. To address this, we used 2 imputation methods, one of which is likely to overestimate EITC receipt while the other is likely to underestimate receipt (models 1-2). Because approximately 80% of individuals during the study period actually received EITC refunds for which they were eligible (48), our estimates are analogous to intent-to-treat estimates in a randomized controlled trial. Moreover, by using individual-level demographic variables to calculate EITC eligibility, this technique represents an improvement over prior studies that have used only educational attainment as a proxy for EITC receipt (49, 50) . A third possible limitation is that DID analyses assume parallel secular trends among the treatment and control groups. While we find this to be true for all of the predictor variables except race (Table 1) , we cannot empirically test this for the outcome variables. Finally, our analysis was conducted using data from 1988 to 1994, meaning that results are not necessarily generalizable to the present. For example, the study period coincides with the US recession of 1990-1991, so results may be most applicable to income interventions that occur during economic downturns. Most of our results-including improved physician-reported health and worsened food insufficiency-were stronger during the first survey phase; it is unclear whether this is driven by prerecessionary (1988) (1989) or recessionary (1990-1991) trends, given that NHANES III does not provide the exact year in which participants were interviewed. Finally, our study does not examine the effects of state EITC programs, which were implemented more recently; future studies should examine this additional source of policy variation.
Social policies have been highlighted as key determinants of health disparities (51) . This study adds to the literature on the possible effects of one policy-the EITC-on child health. While results suggest that the program may have positive impacts on overall health, we demonstrate mixed findings for food insufficiency and null results for the majority of health outcomes. Notably, we focus on short-term health, while prior studies have consistently documented positive effects on long-term outcomes (22, 52) . Our results highlight the potential of poverty-alleviation programs to address the social determinants of health, and the importance of rigorously evaluating social programs using multiple methodologies to better understand the mechanisms of their effects.
